D
elirium is common, leads to other adverse outcomes, and is costly in hospitalized older persons (1) (2) (3) . Despite increasing awareness of its importance, most delirium, particularly hypoactive delirium and delirium superimposed on dementia, still goes unrecognized (1) (2) (3) . Prompt recognition of delirium is the first step in appropriate management, which involves careful review for reversible contributors, prevention of complications (including ensuring patient safety), and cognitive and physical rehabilitation (1) . Evidence suggests that this approach can shorten the duration of delirium and improve its associated adverse outcomes (1, 3) .
The Confusion Assessment Method (CAM), developed in 1990 (4), has been widely adopted. A recent comparison of diagnostic methods suggests that the CAM is the best-performing bedside delirium assessment tool (5) . Although the CAM is widely used in the literature to define delirium (6) , it can be challenging to operationalize in the clinical setting because it requires cognitive assessment and substantial interviewer training. Moreover, application of the CAM varies greatly, which can lead to differential performance in detecting delirium (5) .
A brief, structured assessment of mental status that operationalizes the CAM algorithm would be extremely helpful to accelerate widespread ascertainment of delirium in high-risk patients (4, 5) . Therefore, our overall goal was to develop and validate the 3D-CAM, which is a new 3-minute diagnostic assessment for delirium using the CAM algorithm. Our aims were to create the 3D-CAM using model selection methods to finalize items, determine thresholds for the presence or absence of each of the 4 CAM diagnostic features, and prospectively validate the 3D-CAM by comparing it with a reference standard that included an extensive clinical evaluation in a new population of older general medicine patients with a high burden of baseline cognitive impairment and comorbid conditions.
METHODS

Derivation of the 3D-CAM
We started with a data set of 4598 structured delirium assessments from a previously completed multisite trial of the delirium-abatement program conducted in 8 postacute care facilities (7) . In previously published work on 3D-CAM derivation, we mapped more than 120 items from this assessment to the 4 CAM diagnostic features (8) and used item response theory (9) to identify the 36 most informative items for the identification of these features (10) (Appendix Table 1 , available at www.annals.org).
We further reduced these 36 items using logistic regression and assembled the most useful subset from each of the 4 CAM diagnostic features to create the 3D-CAM. We used regression coefficients to determine the weight of each item and threshold for determining the presence or absence of each of the features: acute change or fluctuating course, inattention, disorganized thinking, and altered level of consciousness. For each feature, the best-performing approach weighted each cognitive testing item, patient symptom question, and interviewer observation equally. Moreover, each feature was rated as present if any one of the items (cognitive test result, reported symptom, or observation item) was rated as present. Once each feature was rated, the presence of delirium was determined by the CAM diagnostic algorithm, which required the presence of features 1 and 2 and either 3 or 4 ( Figure 1) . For more details, see the Supplement (available at www.annals.org).
Once we selected the items and defined the scoring algorithm for the 3D-CAM, we made a preliminary assessment of its diagnostic accuracy. From the data set of 4598 assessments, we used only the 3D-CAM items and the aforementioned algorithm to score the CAM algorithm. We then compared the presence or absence of delirium generated from this approach with the results of the full 160-item structured delirium assessment (11) . In this initial derivation work, the 3D-CAM achieved 92% sensitivity (95% CI, 90% to 94%) and 93% specificity (CI, 92% to 93%) relative to the full assessment, which met our goal and allowed us to proceed with the prospective validation.
Prospective Validation Study Study Population
We enrolled participants from a large urban teaching hospital in Boston, Massachusetts. Inclusion criteria were age 75 years or older, admission to general medicine or geriatric medicine services, ability to communicate effectively in English, no terminal conditions, expected hospital stay of 2 days or more, and no previous study participant. Experienced clinicians (clinical psychologists and advanced practice nurses) performed the screening. After approval from the attending physician was obtained, each eligible patient was approached for informed consent. If the patient was unable to provide consent, the designated surrogate decision maker was contacted. Study protocol and informed consent procedures were approved by the institutional review board.
Reference Standard Delirium Assessment
The operational reference standard diagnosis of delirium was based on an extensive face-to-face interview (45 minutes), medical record review, and input from the patient's nurse and available family members. This assessment included the reason for hospital admission and hospital course; presence of cognitive concern before and during the hospitalization; family, social, and functional history; Montreal Cognitive Assessment, a 30-item assessment that takes approximately 20 minutes to administer (12); Geriatric Depression Scale to evaluate for presence of depressive symptoms (13) ; and medical record review. This review included quantification of comorbid conditions using the Charlson index (14), diagnosis of dementia or mild cognitive impairment (MCI) before hospitalization, determination of functional status using the basic and instrumental activities of daily living scales (15, 16) , and a list of psychoactive medications administered. If the assessment indicated potential cognitive impairment (Montreal Cognitive Assessment score Յ23) (12), the clinical assessor conducted a proxy interview to assist with determining the patient's baseline mental status relevant to a possible diagnosis of dementia versus a history of lifelong, developmental, cognitive limitations. The proxy interview included ascertainment of a cognitive concern before and during the hospitalization, ascertainment of whether specific cognitive deficits evident on testing existed before hospitalization, confirmation of functional status obtained from the medical record, and a proxy-based screening questionnaire for dementia (the AD8, which is a brief informant interview to detect dementia) (17) .
The final delirium diagnoses were adjudicated by a study panel, including the clinical assessor (psychologist or advanced practice nurse), the principal study investigator, a geriatrician, and a board-certified neuropsychologist, using criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (18). For patients not meeting delirium criteria, the panel adjudicated the presence or ab-
Context
Although delirium is common among hospitalized patients and is associated with adverse outcomes, it often goes unrecognized. A brief and simple means of applying the most widely used diagnostic tool for delirium, the Confusion Assessment Method (CAM), would be helpful in fostering recognition of delirium and its evaluation and treatment.
Contribution
This study validated a 3-minute version of the CAM (called the 3D-CAM) as a sensitive and specific diagnostic tool in hospitalized patients, including those with and without dementia.
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Use of the 3D-CAM should aid in the recognition of delirium in hospitalized patients.
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Original Research 3D-CAM: Derivation and Validation of a 3-Minute Interview for Delirium sence of subsyndromal delirium (19) , which was defined by the presence of acute change or fluctuating course plus inattention, disorganized thinking, or altered level of consciousness. The panel was blinded to the results of subsequent 3D-CAM testing. A geropsychiatrist subsequently readjudicated a 10% subsample (10 randomly selected participants with delirium and 10 without) blinded to the original results to verify the panel adjudication process. In addition to determining delirium status, the panel adjudicated the presence or absence of cognitive impairment at baseline, including dementia or MCI, using the National Institute on Aging and Alzheimer's Association criteria (20, 21) . (For details of data used for adjudication of dementia and MCI, see the Supplement.)
3D-CAM Assessments
After the reference standard assessment, the 3D-CAM was administered by research assistants (RAs) who were blinded to the results of the reference standard. A total of 8 RAs participated in the validation study, and each evaluated between 4 and 49 participants, based on participant and RA availability. Before the start of the study, each RA had a 1-to 2-hour training session on the use of the 3D- The CAM diagnostic algorithm is depicted, with the 3D-CAM items and scoring summarized under each CAM diagnostic feature (4).
Original Research 3D-CAM: Derivation and Validation of a 3-Minute Interview for Delirium CAM, including practice in administering the instrument to each other and to actual patients. To assess interrater reliability, 50% of the participants were selected to have a second 3D-CAM assessment based on a random-number sequence. The second 3D-CAM assessment was blinded to the reference standard and first 3D-CAM assessments. All 8 RAs, representing 18 distinct pairs of raters, participated in the reliability study. Each pair evaluated between 1 to 19 participants also based on participant and RA availability. To ensure temporal proximity, all assessments (reference standard and first or second 3D-CAM assessment) were completed within a 2-hour period between 11 a.m. and 2 p.m. (Figure 2 ).
Statistical Analysis
We calculated sensitivity, specificity, and 95% CIs for the 3D-CAM delirium determination compared with the reference standard. We did subset analyses to determine diagnostic test characteristics of the 3D-CAM, stratified by the patient's baseline cognitive status (normal or MCI vs. dementia). Interrater agreement was calculated in the 50% sample with 2 independent 3D-CAM assessments as the proportion of assessments in which both raters provided the same delirium determination. We used SAS software, version 9.3 (SAS Institute), for all data analyses.
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RESULTS
Prospective Validation Study Patient Characteristics
A total of 201 patients met inclusion criteria and provided informed consent. The mean age was 84 years, 62% were women, and 88% self-reported to be white ( Table 1) . Approximately half had some college education, and 5% spoke English as a second language but were sufficiently fluent to be enrolled. The mean Charlson comorbidity score was 3.0, indicating a moderate to high number of medical comorbid conditions (14) . Fifty-five percent had dependencies in 1 or more basic activities of daily living (15) , and 81% had dependencies in 1 or more instrumental activities of daily living (16) . On the basis of the expert panel's assessment of the operational reference standard, 28% of the patients had baseline dementia.
Overall Study Flow, Reference Standard, and 3D-CAM Assessments Figure 2 depicts the study flow of assessments, which included the reference standard clinical evaluation for delirium, the 3D-CAM assessment, and a second 3D-CAM assessment done in a random one half of participants. All of the face-to-face components of the assessments were completed within the desired 2-hour period. The reference standard assessment, which included patient interviews, medical record reviews, and proxy interviews, took approximately 1.5 hours to complete. On the basis of these assessments, 42 participants (21% of the sample) were diagnosed with delirium. Of these, 37 (88% of patients with delirium) had either hypoactive or normal psychomotor features, with only 5 showing hyperactive or mixed features. In the 20 patients (10 with and 10 without delirium) whose records were reviewed again by the blinded geropsychiatrist, there was 100% concordance with the expert panel's diagnosis. Compared with the reference standard assessment, the 3D-CAM was completed in a median of 3 minutes (interquartile range, 2 to 5 minutes; overall range, 1 to 15 minutes). Forty-nine participants (24%) were determined to have delirium on the basis of the 3D-CAM.
Diagnostic Test Characteristics of the 3D-CAM
Compared with the reference standard delirium diagnosis, sensitivity of the 3D-CAM was 95% (CI, 84% to 99%) and specificity was 94% (CI, 90% to 97%) ( Table  2) , resulting in a positive likelihood ratio of 16.8 (CI, 8.9 to 31.8) and a negative likelihood ratio of 0.05 (CI, 0.01 to 0.20). Of the 9 positive results determined through the 3D-CAM that were negative by the reference standard ("false-positive results"), 6 were adjudicated to have subsyndromal delirium based on the reference standard assessment (19) . In post hoc analyses, we examined the effect of All assessments were completed within 2 hours of each other, and results were strictly blinded from the other assessors. * Presence or absence of delirium as measured by the first 3D-CAM assessment was compared with the reference standard delirium diagnosis to determine validity and the second 3D-CAM assessment to determine interrater agreement.
considering subsyndromal cases as reference standard positive results. This increased the sensitivity of the 3D-CAM to 46 of 48 (96%) and specificity to 150 of 153 (98%).
Diagnostic Test Characteristics, Stratified by Baseline Cognition
We examined the diagnostic test characteristics of the 3D-CAM, stratified by participants' baseline cognitive function ( Table 3 and Appendix Table 2 , available at www.annals.org). In the group with either normal baseline cognition or MCI, sensitivity was 93% and specificity was 96%. In the dementia subgroup, sensitivity was 96% and specificity was slightly lower at 86%. The 95% CIs and likelihood ratios, stratified by baseline cognition, are presented in Table 3 .
Interrater Agreement
Finally, we examined agreement across raters in the subset of 100 participants who had a second 3D-CAM assessment and were blinded to the first. This showed that the 3D-CAM had an excellent interrater agreement of 95% (Appendix Table 3 , available at www.annals.org).
DISCUSSION
Delirium is an important clinical syndrome to detect. We currently have no brief instrument that is well-suited for widespread use across clinical settings. We therefore sought to develop and evaluate the 3D-CAM, which is a short, structured diagnostic assessment for delirium that can be administered by health care delivery staff with minimal additional training. The 3D-CAM showed strong performance characteristics in our study. It was completed in a median of 3 minutes and had excellent sensitivity and specificity relative to a reference standard delirium diagnosis in patients with and without baseline dementia. The slightly lower specificity in the dementia subgroup is attributable to a higher likelihood of false-positive results inherent in the challenging process of distinguishing symptoms and signs of delirium from dementia (22) . The 3D-CAM also had excellent interrater agreement. With its brevity and ease of use, the 3D-CAM may be a useful tool for improving widespread detection of delirium in clinical settings.
Hospitalized patients are rarely formally assessed for delirium (1, 3) . Studies done over the past 20 years suggest that the clinical recognition rate has not significantly changed and remains between 12% and 35% (23) (24) (25) (26) (27) . Moreover, identified cases of delirium tend to be agitated patients who are disruptive to patient care, whereas hypoactive patients remain unrecognized. Studies have shown that hypoactive patients with delirium have either similar or somewhat worse outcomes than agitated patients with delirium (28, 29) . The 3D-CAM showed excellent sensitivity in our sample, despite the fact that 88% of patients with delirium had either hypoactive or normal psychomotor features.
To improve delirium recognition in hypoactive patients, it is important to incorporate results from direct questioning of patients and mental status testing into the delirium assessment and not to rely solely on interviewer observations. In the initial validation studies, the CAM developers did a structured mental status assessment using the Mini-Mental State Examination (30) plus recall of a Test characteristic † Sensitivity (95% CI), % 95 (84-99) --Specificity (95% CI), % -94 (90-97) -* Of the 9 positive results determined through the 3D-CAM that were negative by the reference standard ("false-positive results"), 6 had subsyndromal delirium based on the reference standard (19) . † The sensitivity and specificity result in a positive likelihood ratio of 16.8 (95% CI, 8.9 to 31.8) and a negative likelihood ratio of 0.05 (CI, 0.01 to 0.20) (for more details, see the Supplement, available at www.annals.org).
Original Research 3D-CAM: Derivation and Validation of a 3-Minute Interview for Delirium story or digit span before operationalizing the CAM algorithm (4). In a subsequent publication, nurses were interviewed daily about the CAM diagnostic features using observations from routine clinical care without formal mental status assessment (31). When nurses' CAM ratings were compared with those of the researchers after a structured mental status assessment, the sensitivity of the nurses' CAM ratings was only 20% per interview and 33% over the entire hospitalization (31). Thus, in the absence of mental status testing, the CAM algorithm alone did not substantially increase the rate of delirium detection. The 3D-CAM shows that excellent sensitivity for delirium can be achieved with brief mental status testing focused on attention and orientation. The CAM for the intensive care unit (CAM-ICU) is an example of a structured assessment that incorporates a specific set of questions to operationalize each CAM diagnostic feature (32) . For example, attention is assessed using 2 items: the vigilance "A" task (33) and the picture recognition task from the attention screening examination (33) . Because the CAM-ICU was designed to assess delirium in intubated ICU patients, all questions are answerable using nonverbal responses, such as a nod of the head (yes or no). With its brevity and ease of use, the CAM-ICU has greatly enhanced assessment of delirium in the ICU (34). Yet, recent studies suggest that the CAM-ICU may not be optimized to non-ICU populations, in which it shows lower sensitivity than a verbal delirium assessment (35-37). For example, in a recent validation study of 406 persons evaluated in an emergency department (mean age, 73.5 years; dementia prevalence, 5.9%), the CAM-ICU showed a sensitivity of 68% to 72% (37) . The recently developed and validated Brief Confusion Assessment Method, or B-CAM, provides an alternative that incorporates verbal testing with items very similar to the CAM-ICU (38) . Notably, both the CAM-ICU and the B-CAM put major emphasis on the Richmond Agitation and Sedation Scale (39), which detects altered levels of consciousness. Yet, the recently published Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, contains a delirium definition that deemphasizes the importance of altered level of consciousness and focuses instead on assessment of attention and orientation (40) , both of which are key components of the 3D-CAM. Moreover, altered level of consciousness is much less prevalent in delirium outside of the ICU. In our sample, it was present in only 8 of 42 delirium cases (19%).
Although physicians and nurses need to be trained for optimal use of the 3D-CAM, its brevity and algorithmic structure should simplify the process. Clear instructions are available that map specific questions to each CAM feature. The 3D-CAM instrument and training manual (available free of charge at www.hospitalelderlifeprogram.org) explain how to code the presence or absence of each feature on the basis of patient responses. This reduces the amount of judgment required by the assessor and facilitates reproducibility across assessors as evidenced by the extremely high interrater agreement seen in this study. The structured nature of the 3D-CAM also makes it possible to administer through an electronic platform, such as mobile technology. Of note, because only 1 positive item is required to trigger the presence of each feature, the assessment might be shortened further by incorporating skip patterns, which is an approach that we did not test in our validation study. Finally, the 3D-CAM is entirely compatible with the shortform version of the recently published CAM-based scoring system for delirium severity, known as the CAM-S (41). We are developing an algorithm to score the CAM-S using 3D-CAM items that can be presented in future work.
Our approach has several important strengths. First, the 3D-CAM was created using items rigorously selected through item response theory to be maximally informative for determining the presence or absence of the 4 CAM diagnostic features. These items were further reduced by using model selection techniques in a data set of 4598 delirium assessments. Our prospective validation study enrolled a sample of more than 200 patients with a mean age older than 80 years, substantial comorbid conditions, and a high burden of baseline cognitive impairment, which was a purposeful "challenge population" for 3D-CAM validation. The 3D-CAM may be equally applicable in younger populations with a lower prevalence of dementia and will probably perform better because delirium assessment in these patients is more straightforward. In addition, our study used a clinical reference standard and a design in which all delirium assessments were administered close in time and the results of each test were kept strictly blinded from the other assessors. Finally, we assessed and confirmed excellent interrater agreement for the 3D-CAM ratings and independently validated a subset of reference standard delirium diagnoses. Our approach has several limitations. First, our prospective validation study enrolled only general medicine patients and was conducted at a single site. Thus, our findings should be confirmed in other non-ICU settings in which delirium is also common, such as surgical wards, palliative care facilities, postacute care facilities, and other types of hospitals. Second, our study assessed patients on a single hospital day only. Additional studies should examine the performance and acceptability of the 3D-CAM when repeated daily for delirium case finding. Third, all of our evaluations were done during the day shift, and performance during evening and night shifts should also be evaluated. Fourth, the 95% CIs for some test characteristics in our stratified analyses are wide and should be interpreted accordingly. Finally, we used a paper-and-pencil, static 3D-CAM assessment, and future studies should examine use of a dynamic assessment using automated skip patterns on an electronic platform, which might further enhance efficiency.
In conclusion, our study of older general medicine patients with a high prevalence of underlying cognitive impairment found the 3D-CAM to be a brief, highly reproducible, and valid method for diagnosing delirium using the CAM algorithm. Given these characteristics, the 3D-CAM could be an important component of future efforts to improve systematic case-finding of delirium in high-risk older adults. Further research will focus on developing the optimal strategies for translating the 3D-CAM into routine care and determining whether improved detection of delirium can result in improved outcomes for vulnerable hospitalized older persons. 
